Introduction
Strong evidence supports an inverse dose-response relationship between physical activity levels and mortality. [1] [2] [3] Current guidelines recommend at least 500-1000 metabolic equivalent task (MET)minutes per week of moderate-to-vigorous physical activity. [4] [5] [6] Unfortunately, studies have shown that less than half of adults achieve this level of physical activity, while one-third do no physical activity at all. 7, 8 The existing evidence on the dose-response relationship is mostly based on healthy people. [9] [10] [11] [12] [13] [14] [15] [16] While individuals with cardiovascular disease (CVD) are at higher risk for mortality and morbidity, they also tend to have sedentary lifestyles and are less physically active than are those without CVD. 17 Interventions with comprehensive cardiovascular rehabilitation programmes have been shown to reduce cardiac mortality in patients with coronary heart disease. 18 While physical activity is generally recommended for secondary CVD prevention by contemporary guidelines, there is still a paucity of data regarding the relationship between physical activity and mortality, specifically among patients with pre-existing CVD. [19] [20] [21] In addition, no previous studies have compared the beneficial effect of physical activity between primary vs. secondary CVD prevention.
We analysed a population-based cohort in this study to elucidate how the benefit of physical activity interacts with the presence of CVD. We specifically sought (i) to evaluate the levels of physical activity among participants with and without CVD, (ii) to identify the relationship between physical activity and mortality among patients with CVD, and (iii) to compare the associations between the primary and secondary prevention groups.
Methods

Data source and study subjects
A national health claims database, the National Health Insurance Services-Health Screening Cohort was used in this study. Details about the cohort have been described previously. 22 Enrolees in the insurance system aged 40 years or older are entitled to undergo a general health screening programme every 2 years. The programme includes self-report questionnaires, anthropometric and blood pressure measurements, and laboratory tests using blood and urine samples. Standardized questionnaires are used to acquire information on previous medical history, family history, and lifestyle factors such as smoking, alcohol intake, and physical activity. This study was exempt from review by the Seoul National University, Bundang Hospital Institutional Review Board (I-2018-11316). It complied with the requirements of the Declaration of Helsinki, and the need for informed consent was waived.
A total of 441 798 individuals who underwent the screening programme between 2009 and 2015 and completed surveys on physical activity were extracted from the cohort. Each individual's claims records were reviewed for a history of CVD from 2002 until the date of the health check-up. Study subjects with prior myocardial infarction (MI), other ischaemic heart diseases, prior stroke, or chronic heart failure (HF) were considered to have CVD (secondary prevention group). The primary prevention group included those without a history of CVD. Definitions of CVD are detailed in Supplementary material online, Table  S1 .
Physical activity
The level of leisure-time physical activity was collected with self-report structured questionnaires using a 7-day recall method. The survey included three questions that addressed the usual frequency (days per week) of (i) light-intensity activity for at least 30 min (e.g. walking at a slow or leisurely pace), (ii) moderate-intensity activity for at least 30 min (e.g. brisk walking, slow cycling, or tennis doubles), and (iii) vigorousintensity activity for at least 20 min (e.g. jogging or running, bicycling >15 km/h, climbing briskly up a hill, or participating in an aerobics class). Ratings of 2.9, 4.0, and 7.0 METs were assigned for light-intensity, moderate-intensity, and vigorous-intensity activities, respectively. Physical activity-related energy expenditure (MET-min/week) was calculated by summing the product of frequency, intensity, and duration. The level of leisure-time physical activity was categorized into 0 (totally sedentary), <500, 500-999, 1000-1499, and > _1500 MET-min/week.
Study outcomes
The primary study outcome measure was all-cause mortality. Study subjects were followed until the end of 2015. Vital status, date of death, and cause of death were certified by linking the records from the National Death Index using each individual's identification code. Secondary outcomes included cardiovascular death and non-cardiovascular death.
Statistical analysis
Summary statistics are reported as means ± standard deviations for numerical variables and as numbers (%) for categorical variables. Continuous variables were compared using the Student's t-test or Mann-Whitney's U test, as appropriate. Categorical variables were compared using the v 2 test. The incidence rate of mortality was calculated by dividing the number of deaths by the sum of the follow-up duration and presented as the rate per 1000 person-years. Kaplan-Meier survival curves were constructed and compared using the log-rank test. Cox proportional-hazard models were used to calculate hazard ratios (HRs) and 95% confidence intervals (CIs). Multivariable regression models were constructed with adjustment for (i) age and sex, and (ii) including age, sex, income level, residential area (urban or non-urban), body mass index, hypertension, diabetes mellitus, dyslipidaemia, smoking, renal disease, end-stage renal disease, liver disease, malignancy, fasting blood sugar, serum creatinine level, and the use of aspirin, statins, and antihypertensive medications. The interaction between physical activity and CVD was considered in the statistical models. Restricted cubic splines were fitted with four knots by treating the amount of physical activity as a continuous variable using the 'rms' package. Sensitivity analyses were done according to sex and baseline risk subgroups. The baseline cardiovascular risk of subjects without CVD was calculated using systematic coronary risk evaluation and a pooled cohort equation. 23, 24 All statistical analyses were performed with R programming version 3.3.3 (http://www.R-project.org; the R Foundation for Statistical Computing, Vienna, Austria).
Results
Baseline characteristics
The baseline characteristics of a total of 441 798 study subjects are shown in Table 1 . The median age of the participants was 59.5 years, 53.5% were men, 38.9% had hypertension, 12.6% had diabetes, and 16.9% were current smokers. The means of body mass index, blood pressure, total cholesterol, high-density lipoprotein (HDL) cholesterol, low-density lipoprotein (LDL) cholesterol, and fasting blood glucose were 24.0 kg/m 2 , 125.5/77.6 mmHg, 199.6 mg/dL, 55.0 mg/dL, 118.3 mg/dL, and 101.6 mg/dL, respectively.
Among the study population, 29.8% of participants had CVD (n = 131 558) and the other 70.2% (n = 310 240) had no history of CVD. Ischaemic heart disease accounted for the largest proportion of the participants with CVD, followed by prior stroke, chronic HF, and MI. Cardiovascular disease was associated with older age and a higher prevalence of comorbidities such as hypertension, diabetes, and hyperlipidaemia. The proportion of participants taking cardiovascular medications including aspirin, antihypertensive agents, and statins was higher in those with CVD.
Physical activity
The range of physical activity level of the study population was 0-2429 MET-min/week (Supplementary material online, Figure S1 ). Participants with CVD were less physically active than were those Table 2 and Supplementary material online, Figure S1 ). The median physical activity level was 520 and 540 MET-min/week in the secondary and primary prevention groups, respectively. This difference was statistically significant (P < 0.001) although the effect size was small (Cohen's d = 0.016). The proportion of subjects who were totally sedentary was higher in the secondary prevention group than in the primary prevention group (27.2% and 24.4%, respectively, P < 0.001), while 49.5% and 48.2% failed to achieve the recommended physical activity level of > _500 MET-min/week in each group (P < 0.001). Supplementary material online, Table S2 compares the differences in the baseline characteristics according to physical activity levels. Advanced age, male sex, and a high income were associated with a higher physical activity level. Comorbidities such as hypertension, diabetes, and dyslipidaemia were associated with a higher physical activity level, while current smoking was associated with a lower physical activity level. The pattern was similar when the study subjects were stratified according to the presence of CVD (Supplementary material online, Tables S3 and S4 ). Cardiovascular medication usage and adherence were higher among those with greater physical activity. Among the secondary prevention group, the presence of HF was associated with lower physical activity levels.
The amount of physical activity of the study population increased during the study duration (Supplementary material online, Figure S2 ). Moreover, a significant number of study subjects changed their amount of physical activity during the study duration and became either more active or less active (Supplementary material online, Figure  S3 ). The use of medications also increased over time (Supplementary material online, Table S5 ). While the use of statins showed a remarkable increase over time, the use of aspirin was unchanged.
Impact of physical activity on mortality
The median follow-up duration was 5.9 years. Figure 1 shows the incidence rate of mortality per 1000 person-years stratified by the presence of CVD and the level of physical activity. Overall, CVD was associated with a significantly increased risk of mortality (HR, 2.57; 95% CI, 2.49-2.65; P < 0.001) (Supplementary material online, Figures  S4 and S5) . As also shown in Table 3 mortality showed a J-shaped relationship with the amount of physical activity. Mortality risk was highest with a totally sedentary lifestyle and lowest with a physical activity level of 1000-1499 MET-min/week regardless of CVD. A higher level of physical activity (> _1500 METmin/week) was associated with a significantly higher risk of mortality than the trough. Figure 2 shows the multivariable-adjusted risk of mortality (fitted spline curve is shown in the Take home figure) . After statistical adjustment, physical activity and mortality exhibited an inverse relationship ( Table 3) . The difference in the risk of mortality between a physical activity level of > _1500 MET-min/week and 1000-1499 MET-min/ week mostly disappeared. A 500 MET-min/week increase in physical activity was associated with a 14% and 7% risk reduction in mortality in the secondary and primary prevention groups, respectively (interaction P < 0.001).
The relationship between physical activity and mortality showed different patterns between the primary and secondary prevention groups (Take home figure) . Among the healthy subjects without CVD, the slope was the steepest between 0 and 499 MET-min/week, tended to flatten above 500 MET-min/week, and was essentially flat above 1000 MET-min/week. Although the mortality risk further reduced with a higher physical activity level, the benefit of increased physical activity was small beyond 500 MET-min/week. Among the participants with CVD, the benefit was also the greatest between 0 and 499 MET-min/week. However, the dose-response relationship extended beyond 500 to 1000 MET-min/week. The mortality risk of participants with CVD who performed physical activity > _1000 METmin/week (1000-1499 and > _1500 MET-min/week) was significantly lower than that in participants who were free from CVD but were totally sedentary (P = 0.008 and 0.010, respectively). Supplementary material online, Tables S6 and S7 show the unadjusted and adjusted risk of cardiac and non-cardiac death according to the level of physical activity. The overall pattern was similar to that of all-cause mortality except that CVD was associated with a significantly elevated risk of cardiac death despite a high level of physical activity. The benefit of physical activity in the secondary prevention group was consistent irrespective of the specific type of CVD (Supplementary material online, Table S8 ).
Sensitivity analysis found no significant interactions between sex and the amount of physical activity both in the CVD and in the no CVD groups (interaction P = 0.178 and 0.087, respectively) (Supplementary material online, Figures S6 and S7) . Subjects without CVD were further divided according to the expected 10-year risk of fatal CVD (Figure 3) . While the mortality risk was higher with increasing expected cardiovascular risk, the survival benefit of physical activity was also greater among those with higher expected cardiovascular risk. Analysis using pooled cohort equations showed similar patterns (Supplementary material online, Figure S8 ).
Figure 3 Non-linear relationship between physical activity and mortality risk according to the presence of cardiovascular disease and expected
10-year risk of fatal cardiovascular disease. Restricted cubic spline curves were constructed with regard to physical activity treated as a continuous variable. Adjusted hazard ratio and 95% confidence intervals are illustrated. The red, orange, green, and blue lines and shades indicate subjects with cardiovascular disease and subjects without cardiovascular disease who have an estimated 10-year risk of fatal cardiovascular disease > _10%, 5-10%, and <5%, respectively. Take home figure Non-linear relationship between physical activity and mortality risk according to the presence of cardiovascular disease.
Restricted cubic spline curves were constructed with regard to physical activity treated as a continuous variable. The red and blue lines and shades indicate adjusted hazard ratio and 95% confidence intervals for subjects with and without cardiovascular disease, respectively. 
Discussion
Physical activity refers to any bodily movement produced by the skeletal muscles that requires energy expenditure. 25 A previous study estimated that physical inactivity causes 9% of premature mortality worldwide, and that elimination of this unhealthy behaviour would lead to an increase in the life expectancy of the world's population by 0.68 years. 26 Contemporary guidelines emphasize that physical activity can make people feel better, function better, sleep better, and reduce the risk of many chronic diseases. 6 The suggested public target range of physical activity is 500-1000 MET-minutes per week of aerobic physical activity, which is equivalent to 150-300 min of moderate-intensity or 75-150 min of vigorous-intensity physical activity per week. The recommendation is based on observations that the greatest survival benefit is provided by achieving 500-1000 METmin/week of physical activity. 2 The findings of the present study agree with these conclusions.
In this study, we found that approximately half of the study population did not reach the recommended level of leisure-time physical activity, and one-quarter had a totally sedentary lifestyle. Subjects with CVD had lower levels of physical activity than did those without CVD. There was an inverse relationship between the amount of physical activity and the risk of all-cause mortality. The main novel finding of this study was that the relationship between physical activity and mortality showed different patterns in the primary and secondary cardiovascular prevention settings. While individuals without CVD had reduced mortality with physical activity as has been previously documented, the expected survival benefit was even greater among patients with CVD. In addition, whereas the benefit in the primary prevention group was mostly confined to the range of 0-499 MET-min/week, the advantage in the secondary prevention group was still present above 500 MET-min/week. Interestingly, if an individual with CVD performed a high level of physical activity, the adjusted risk of mortality was shown to be similar to or even lower than that of an individual without CVD.
Previous studies that showed the survival benefits of physical activity primarily focused on healthy individuals and did not distinguish between primary and secondary CVD prevention. [9] [10] [11] [12] [13] [14] [15] [16] Peak exercise capacity has been shown to be the strongest predictor of survival in subjects with pre-existing CVD. 27 Strong evidence supports exercise-based cardiac rehabilitation in patients with coronary heart disease and exercise training in patients with chronic HF. 18, 28, 29 However, recommendations on the level of physical activity for secondary prevention have been less clear. The European Society of Cardiology guidelines on stable coronary artery disease encourage moderate-to-vigorous intensity aerobic exercise training > _3 times a week for 30 min per session. 19 Meanwhile, the guideline for stable ischaemic heart disease from the American College of Cardiology Foundation and American Heart Association recommends 30-60 min of moderate-intensity aerobic activity at least 5 days and preferably 7 days per week. 30 The latter one states that the recommended level of physical activity was in line with that for healthy adults. 31 In addition, guidelines for other CVDs such as prior MI, prior stroke, and chronic HF lack specific recommendations. This reflects the paucity of data for this specific group of patients.
Exercise has been proven to have a variety of cardiovascular benefits. An increase in physical activity has been shown to have beneficial effects on plasma lipoproteins such as decreased LDL and increased HDL. 32 A meta-analysis showed that resistance training reduces systolic blood pressure by 6.19 mmHg and glycosylated haemoglobin by 0.48%. 33 Studies have also proven a reduced production of atherogenic cytokine and an increase in atheroprotective cytokines, 34 depression in platelet aggregation and adhesiveness, 35 lower inflammatory markers, 36 and reduced arrhythmogenicity with exercise. 37 Evidence also indicates that exercise has a favourable impact on cardiac remodelling and, thus, improvements in cardiac performance. 38 The present study provides a novel perspective into the preventive role of physical activity in patients with CVD. As shown in the present study, individuals with CVD tend to achieve a lower level of physical activity. Not only they are typically older with multiple comorbidities, but their cardiac condition also limits their physical capacity. However, clinicians should emphasize the importance of a physically active lifestyle for those patients. They should be encouraged to maintain as much physical activity as possible. They may even expect greater benefits compared to their counterparts without CVD while performing the same levels of physical activity. A level of 500 MET-min/week of physical activity should be considered the minimum requirement for patients with CVD. Although physical activity above 500-1000 MET-min/week would provide little advantage for healthy people without CVD, this would provide additive benefits for those with CVD.
Limitations
This study has several limitations. Recall bias is one of the major potential limitations. Information about physical activity relied on selfreport questionnaires administered to the health check-up participants. These questionnaires surveyed lifestyle behaviours during the previous 1 week. Secondly, various types of physical activity occur throughout a day for diverse purposes. 6 While only leisure-time physical activity was analysed in this study, occupation, transportation, and household physical activities also contribute to total daily physical activity. Third, although we performed rigorous statistical adjustment, we cannot exclude the presence of unadjusted confounding factors. For example, participants with a higher physical activity level may have had a lower disease burden, better cardiac function, and/or better cardiorespiratory fitness, which have been shown to predict a better prognosis. 39 In addition, they may have favourable lifestyle behaviours such as a healthy diet, moderation in alcohol drinking, and better adherence to medications. Changes in baseline variables over time such as the amount of physical activity, medication use, and adherence to medications were not adjusted in the analyses. Fourth, several assumptions were made while calculating the amount of physical activity. As the questionnaires focused primarily on aerobic physical activity, information on muscle-strengthening and bonestrengthening exercises were limited. However, the large sample size in this study reduces the potential uncertainty and bias. Lastly, because the presence of CVD was determined using claims data, there is a possibility of misclassification bias.
Conclusion
In this study, we found that physical activity provides survival benefits both in primary and secondary CVD prevention. While individuals with pre-existing CVD were less likely to be physically active, their expected benefit from physical activity was greater than that of individuals without CVD. In addition, the advantage of physical activity in secondary prevention extended above 500-1000 MET-min/week. Patients with CVD should be encouraged to avoid a sedentary lifestyle and to maintain physically active behaviours for secondary prevention.
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Supplementary material is available at European Heart Journal online.
